Abstract: Our goal was to explore the factors influencing the visualization of anterior peritoneal reflections (APRs) using rectal MRI. We evaluated the usefulness of rectal MRI in measuring the distance from the anal verge to the APR and determining the relationship between the APR and the rectal tumor.
INTRODUCTION
T he anterior wall of the upper rectum is covered by the peritoneum, whereas the middle and lower thirds lie below the peritoneal reflection and are completely encircled by mesorectum. 1 The discrimination of rectal tumors that are located in the area that lies between above and below anterior peritoneal reflection has important implications for both oncologic and surgical practice. Benzni's study showed that the localization of the tumor, according to the border of the peritoneum, is one of the essential factors that influence the prognosis of rectal cancers to be treated by neoadjuvant chemoradiotherapy (CRT) combined with surgery. 2 On clinical grounds, there is growing evidence that neoadjuvant chemoradiotherapy is not useful for intraperitoneal cancers. [3] [4] [5] Some surgeons believe that locally advanced (T3/4 or Nþ) rectal cancers of the upper third should be considered colon cancer and treated with primary resection, rather than considered rectal cancer and treated with preoperative radio(chemo)therapy. 6 Accordingly, we considered that the anterior peritoneal reflection might be a useful landmark to determine the location of rectal subdivisions for rectal cancer treatment. Unfortunately, in our daily practice, not all the APRs can be visualized with MRI. APRs are visible in some, but not all, patients. Given this assumption, we decided to verify that the factors may influence the appearance of the APR on a rectal MRI. Having a reliable distance from the anal verge to the APR and understanding the relationship between the rectal tumor and the APR represent useful information for surgery. Previous studies have used rigid endoscopy or intraoperative proctoscopy to measure the distance from the anal verge to the APR. [7] [8] However, the results are highly variable, and the relationship between the rectal tumor and the APR cannot always be evaluated. If accurate measurement of the distance and relationship between the rectal tumor and the APR could be evaluated using rectal MRI, this would improve the confidence of practitioners during clinical operation and improve surgical outcomes.
In this study, we evaluated factors influencing visualization of the APR on rectal MRI. We measured the distance from the anal verge to the APR using rectal MRI, while evaluating the accuracy of rectal MRI in determining the tumor location with respect to the APR.
MATERIALS AND METHODS

Patients
We first obtained ethics committee approval from Fudan University Shanghai Cancer Center Institutional Review Board (Shanghai, China). Between October 2010 and December 2013, 319 consecutive patients diagnosed as having primary rectal cancer and then treated in the Fudan University Cancer Center were selected as samples in this retrospective study. Selection criteria included the following: a histologically (biopsy) proven primary rectal carcinoma, treatment by surgical resection, a description of the tumor location at the time of operation, and an initial rectal MRI. There were 704 patients matching these conditions. Exclusion criteria included the following: patients who received palliative treatment (21 patients), patients who received neoadjuvant treatment (316 patients), patients who experienced a long interval between rectal MRI and surgery >4 weeks (15 patients), patients who had received transanal resection (12 patients), and patients with MRIs with poor image quality (12 patients) or motion artifacts (9 patients) (Figure 1 ).
Clinical and imaging data were retrieved from the patient database after we obtained ethics committee approval from the Fudan University Shanghai Cancer Center Institutional Review Board (Shanghai, China). The imaging data collected included the following: the distance from the anal verge to the APR, the relationship between the tumor location and the APR, tumor size, thickness of the subcutaneous fat measured at the level of the superior margin of the pubic symphysis, the degree of bladder filling, and the orientation of the uterus (in females). The clinical data included patient age, height, and operation date.
Rectal MRI Protocol
Rectal MRI was performed on a 3. 
Radiologist Revaluation Strategy and Anatomic Measurements
Rectal MR images were reviewed by 2 radiologists on a PACS (Picture Archiving and Communication Systems) monitor independently. Axial and midsagittal T2W images were used for identification of the APR. Prior reports depicted the APR on axial images with the appearance of a midline in-folding fascial reflection, called the V-shaped configuration. In the midsagittal plane, the peritoneum was identified as a thin hypointense linear structure noted along the superior bladder (men) or uterus (women), which extended inferiorly and posteriorly to the culde-sac in women and approximately to the tip of the seminal vesicles in men, after which the posterior extension attached to the rectal wall anteriorly. [9] [10] The APR specifically was recorded as the insertion site into the colon. Identification of the APR was rated subjectively as a 3-point confidence scale according to the method of Gollub 9 as follows: definitely not visible, probably visible, and definitely visible. Under the consensus decision, these 2 radiologists determined the confidence scale for the identification of the APR. Then, for all the cases rated with a probably visible or definitely visible APR, lengths were measured as a line from the anal verge to the APR along the direction of rectum ( Figure 2 ). Finally, under a consensus decision, 2 radiologists determined the spatial relationships between the rectal tumor and the APR, and assigned tumor locations to the following categories: above the APR, at the level of the APR, and below the APR. The definition of a distended bladder and the orientation of the uterus were as follows: a bladder wall showing no folds on both sagittal and oblique axial thin-section T2WI was defined as a distended bladder. Uterine orientation was described according to the angle between the axis of the uterus and the axis of the axial plane on the sagittal T2WI and categorized as follows: absent uterus, anteversion, perpendicular, or retroversion. The directions of the tumor were divided into the following 5 categories: circumferential, mainly anterior, mainly posterior, mainly left, and mainly right lateral. The thickness of the subcutaneous fat was measured at the level of the superior margin of the pubic symphysis, and the tumor size was measured along the direction of tumor. Operative findings of the tumor location with respect to the APR were recorded by colorectal surgeons. Intraoperative tumor location was also placed into the following categories: at, above, or below the APR.
Statistical Analysis
Age, height, thickness of subcutaneous fat, tumor size, and distance from the anal verge to the APR were reported as mean AE standard deviation. Analysis of variance was used to test the differences in visualization of the APR between the following groups: female versus male, distended bladder versus not non-distended bladder and with different orientations of uterus (female), different locations of the tumor, and the measurement data. Then, the odds ratio (OR) between these potential influencing factors and the APR was calculated by logistic regression.
To evaluate the differences in the distance from the anal verge to the APR in Chinese females and males, an independent sample t test was used.
The value of rectal MRI in the diagnosis of the location of the rectal tumor with respect to the APR in visible anterior peritoneal reflections was evaluated using the consistency check of a diagnostic test (Kappa statistics Statistical analyses were performed using the Statistical Package for Social Sciences (SPSS, version 17.0). All P values <0.05 were considered statistically significant.
RESULTS
Clinical, Histopathological, and MRI Findings
The final study population consisted of 319 patients. The characteristics of these patients are listed in Table 1 . Of these, 199 patients received anterior resection, 114 patients underwent abdominopefineal resection, and 6 patients underwent a Hartmann operation. Furthermore, 110 patients were females, and 209 patients were male. The mean age of females and males was 59.6 AE 12.8 (range, 27-89 years), 56.6 AE 11.3 years (range, 27-85 years), respectively. Sixty-eight patients had filling bladders, and 251 patients did not have a filling bladder upon rectal MRI. One female patient had a resected uterus. Uterine orientations were as follows: anteversion (n ¼ 56), perpendicular (n ¼ 27), or retroversion (n ¼ 26). There were 239 patients with tumors that were circumferential. As far as orientation, 37, 26, 6, and 11 were mainly anterior, mainly posterior, mainly left, and mainly right lateral, respectively. The mean height for whole patients was 165.5 AE 7.5 cm. The mean thickness of the subcutaneous fat was 21.7 AE 7.9 mm, and tumor size was 43.8 AE 17.5 mm. 
Factors Influencing the Visualization of the APR Upon Rectal MRI
Both radiologists indicated that the APR was ''probably'' or ''definitely'' visible ( Figure 3 ) in 283 of 319 cases (88.7%) upon rectal MRI. Factors influencing the visualization of the APR were age (P ¼ 0.049), the thickness of the subcutaneous fat (P ¼ 0.002), filling of the bladder (P ¼ 0.001), and the uterine position in females (P ¼ 0.001), as determined by univariate analysis. Other factors, such as sex, height, the direction of the tumor, and the tumor size did not influence the visualization of the APR. Further logistic regression analysis showed that factors influencing the visualization of the APR were patient age (OR ¼ 1.388, P ¼ 0.046), the thickness of the subcutaneous fat (OR ¼ 2.055, P ¼ 0.004), a non-filing bladder (OR ¼ 4.101, P ¼ 0.001), and an anteversion (OR ¼ 2.307, P ¼ 0.001). The above results are shown in Table 2 .
The Distance from the Anal Verge to the APR Measured Upon Rectal MRI There were 283 patients whose APRs were definitely visible, including 95 females and 188 males. The distances between the APR and the anal verge are shown in Table 3 . The mean distance was 10.4 AE 1.1 cm in females, 10.0 AE 1.2 cm in males, and 10.1 AE 1.2 cm in total. There was a significant difference in the distances from anal verge to APR between females and males (P ¼ 0.014).
Location of the Rectal Tumor With Respect to the APR, Differences between Radiologic and Operative Findings
The accuracy of the estimated tumor location (determined via MRI) relative to the APR was 83.0%, which was evaluated during surgery. The accuracy of the rectal MRI was 70% in patients with a tumor located above the APR, 50% in patients with a tumor located at the level of the APR, and 98.2% in patients with a tumor located below the APR (Table 4 , Figure 4 ). Measure of agreement between the Kappa value of location with respect to the anterior peritoneal reflection determined by radiologic and operative findings was 0.678 (P ¼ 0.000).
DISCUSSION
Recent studies have already shown that the location of rectal tumors with respect to the APR has important treatment implications, AS above and below the APR, cancers are characterized by peculiar routes of lymphatic spread. 4 Therefore, an accurate preoperative identification of the APR is useful in choosing the optimal treatment for each patient to avoid underor overtreatment. Rectal MRI scans not only have clinical usefulness in terms of preoperatively evaluating the TNM stage, mesorectal fascia involvement, and adjacent organ involvement, but can also identify the APR. 9, [11] [12] [13] [14] [15] [16] However, not all APRs are visible, and certain factors may influence visualization. Given this assumption, we decided to verify which factors influence visualization. The height of the rectal tumors, the distance from the APR to the anal verge, and the relationship between the rectal tumor and APR are critical factors that enable the clinician to decide which treatment strategies are most appropriate. There is at least one article describing the MRIdefined height of rectal tumors. 17 However, few reports have described the clinical usefulness of rectal MRI in determining the distance from the anal verge to the APR and the relationship between rectal tumors and the APR.
Of the 319 rectal cancer patients in this study, there were 283 (88.7%) patients whose APRs were not visible upon rectal MRI. Filling bladder, the orientation of the uterus, thickness of the subcutaneous fat, and age were factors influencing the visualization of the APR at rectal MRI. We found that with less urine in the bladder and a closer distance between the uterus and the ventral abdominal wall, it was easier to observe the APR. The wider the space surrounding the APR, the easier it was to observe the APR. The APR was also more easily observed in patients with thicker abdominal subcutaneous fat layers and in the elderly. The peritoneum was mainly composed of connective tissue, and the thickness of abdominal subcutaneous fat could reflect the abdominal content of the connective tissue indirectly and partly. The greater the volume of peritoneal connective tissue, the easier it was to observe the APR. The distance from the anal verge to the visible APR can be measured during rectal MRI by a radiologist. This generates important information for the surgeon. Females on average had longer distances from the anal verge to the APR than males. The female pelvis, especially in women who gave birth, was bigger than males; childbirth may be one factor affecting this distance. In a Korean report, the estimated length to the anal verge in females and males was 8.1 AE 1.7 and 8.8 AE 2.2 cm, respectively, determined with a conventional rigid sigmoidoscope. Furthermore, Najarian et al's 8 results showed the distance in females and males was 9 and 9.7 cm, respectively (also determined by rigid sigmoidoscope). The distance estimated by rigid sigmoidoscope was shorter than our reported distance estimated by rectal MRI. A rigid sigmoidoscope is straight and rigid, making it difficult to measure the distance along the direction of rectum. Under these circumstances, the distance is measured along a straight line, whereas MRI can measure along the curve. Memon et al 18 also showed the mean distance from the anal verge to the APR was 11.9 cm (male) and 10 cm (female) using a rigid sigmoidoscope in an open peritoneal cavity. Under these circumstances, the normal conditions of the rectum could not be simulated. The distance estimated in our study could provide more information in vivo. In earlier articles, 19, 20 researchers reported that the distance from the anal verge to the APR was 5.5 to 12 cm, as estimated by cadaveric dissections. However, the fixed and dehydrated cadaveric measurements might not be applicable in vivo.
In our study, we also found that rectal MRI can be used to evaluate the relationships between rectal tumors and the APR. The accuracy of predicting the rectal tumor location with respect to the peritoneal reflection was close to 85%, and the accuracy was 98.2% in patients with a tumor located below the peritoneal reflection. However, the accuracy was 50% in patients with a tumor located at the level of the peritoneal reflection. The reason might be that the level of the peritoneal reflection is merely a point, not a range, like the areas above or below the peritoneal reflection. Therefore, the location of the tumor at the level of the peritoneal reflection was harder to evaluate than others. Gerades et al also used transendorectal ultrasound (TRUS) 21 to demonstrate that TRUS was able to determine the location of a rectal tumor with regard to the peritoneal reflection. However, their study had 2 limitations. The APR could not be found in the absence of bowel peristalsis or fluid collection. However, TRUS was a practitioner-dependent subjective procedure. We believe that the location of a rectal tumor with respect to the peritoneal reflection as determined by rectal MRI is more objective and applicable in vivo.
There were some limitations in our study. First, the possible influencing factors (such as weight and body mass index (BMI)) could not be analyzed because of incomplete clinical data. Second, we did not include healthy adults of all ages to measure the distance from the anal verge to the APR to determine the average distance. Third, with respect to the factor of age, there may be a selection bias because most rectal tumor patients enrolled in this study were elderly.
CONCLUSION
Most of the APRs are visible with rectal MRI, whereas many internal factors influence visualization. Therefore, rectal MRI could be a useful tool for evaluating the distance from the anal verge to the APR and the relationship between rectal tumors and the APR. The more information obtained from a rectal MRI, the greater benefits in designing a treatment strategy.
